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Translated Abstraot
RESEARCH ON MOLYBDENUM DISULFIDE AS A LUBRICANT - (U.S.S.R,)

By I, Y, Alzhitz end L., N. Sushkina

This peper describes tests conducted by the guthors, compar-
ing molybdenum disulfide lubricents imported into the Soviet
Union and molybdenum disulfide lubricents compounded on the
basis of Russian lubricants containing Chinese li0S;.

The imported lubricants were MOLYKOTE Types Z, G, M-77.

The Soviet experimental products were made by @ research
establishment known as VNINP.

The experimental lubricants sre described as follows:

Product Designation Description

VNINP No. 1 Peste, containing 70% HoS, of Red
Chinese origin; perticle §ize & to 60
microns; in 30% silicone base

VNINP No, & Allegedly equivslent to Molykote M-77

VNINP No, 8 Crease, allegedly superior to
MOLYKOTE Type G

VNINP Paste, containing 40% MoS, of Red
Chinese origin; psrticle size 1 to 60
microns; indigo derivative; polymethyl-
phenyl siloxsne liquid

VNINP PMFS Paste, contsining 40% MoS, of Red
Chinese origin; pasrticle size 1 to 60 | °
miorons. R

VNINP Cyatim Cyetim lubricent containlng MoSp
powder

VNINP Solidol Cup grease

CHINA Holy Powder, 1 to 60 microns

Investlgetions on the addition of MoS, to olls have been an-
nounced.

I AN
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TRANSLATION (Preliminary Draft)

RINSEARCH ON MOLYBDENUM DISULFIDE AS a4 LUBRICANT - (U.S.S.k.)

By I, Y. Alzhitz and L, N. Sushkina

PR

1. Introduction

The points of friction, which work under conditions of
high and lew temperatures, aggressive umedia and under other
difficult conditions, thus far are not safeguarded by effec-
tive lubricants,

These difficulties become especially evident for those
points, where liguid friction cannot be maintained or gua-
rantoed under conditions of a boundary lubricant.

The oils and lubricants marketed in the USSR have a vevry
limitod range of application as to temperatures (frou - .5°
- 30° to 180°- 200°C).

To the areas of friction, which till now have not beoen
safoguarded by an effective lubricant, one may ascribe ull
oscillating bearings operatiang in the range of high ana low
tomperatures, the parts of friction, workiag under conditions
of small, relative motion and of considerable, specific pres-
sures (conditions for the formation of fretting corrosion)

und many more,

For such conditions, according to literature data, it is
expedient to apply materials, which on the surfaces of fric-
tion favor the formation of a solid film, which then serves
as a lubricant, The control of the efficiency of the appli-
cation of lubricants on the basis of molybdenum disulfide
(antifrictional and protective properties) under different
conditions was the aim of this work. Natural molybdenite of
a high degree of purification and dispersion is used as a lu-

bricant.

Molybdenite, the natural form of molybdenum disulfide
appears in many areas, but not all deposits are suited for
processing.,. A big portion of the demand for MoS,; abroad is
satisfied at the present time by the mines in Colorado (U.S,
A.); there are also deposits of molybdenite in the USSR,

Reducing molybdenum disulfide from molybdenite is tech-
nologically complicated.
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The problem of its purification and of the technology of {n-
dustrial manufacture has to be s0lved by other organizations
and 1s not the object of this article.

Basically, importeqd molybdenum disulfide was used to test
methods and effectiveness of the application,

2. The Structure and General Properties ot oS5,
{Literature Survey) .

Molybdenum disulfide, uged for lubricants, according to
data by the majority ot authors, must be natural, Synthetic
MoS2 possesses weaker lubricating bProperties,

Basically, molybdenite forms flat, thin, very flexible
Soft laminea, 8lippery to the touch, resembling graphite ang
leaving traces on paper, It ig ¢rystallized in a hexagonal
System, The hardness according to MoS; ranges from 1 to 2,

1185°, At 1100° ip & vacuum ¥oS, is decomposed into molyb-

The bond of Sulphur with molybdenum is very durable, the
bond of sulfur with sulfur, in contrast, igs relatively weak,
Theretore, for the sliding of one elementary lamina of MoSjy
Over another, very small tangential forces are Trequired,

metallic surface takes place due to fres energy, present on
the clean metalliec surface, which explains the adsorption on
the surface of very fine particles of molybdenun disulfide,

usual solvents, in kerosene or synthetic lubricating sub~
stunces, MoS, is affecteqd only by aqua Tegia and chlorine.
Pure 0xygen, even at room temperature, oxidizes M082, while
Oxygen in the air does not show any noticeable influence,
under temperatures of up to . 4000, Between the temperatures
of 400° and 421°C, an extremely thin layer of MoO3 is formed,
Considerable oxidation occurs at 421°-,455°C followed by swift
transition to the trioxide of molybdenum, Thereby the thermal
stability or MoS, asg a lubricating material ig limited, inag-

much as M003 is an abrasive,

However, molybdenum disulfide continues to Temain a 1y~
bricant to 5259C, until the entire layer of M082 changes to
Mo03. For the application of MoS, as a lubricant, its pu-

: 5400640001-0
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Tification from different impurities is very important, of
which abrasive impurities are especially harmful (above all
silica)., The contents in MoS2 of only 0,5% Si02 considerab-
ly increases wear of rarts and deteriorates lubricating pro-
perties of molybdenum disulfide,

As a lubricating material MoS, is applied in the form of
a dry powder, as well as in the form of different composi-
tions with liquids., The methods of applying molybdenum lu-
bricants are determined naturally by their different types.

MOLYKOTE lubricants marketed abroad can be applied in a
dry form (Type Z and Microsize) by rubbing the powders into
the surface of friction (by hand or in special tumblers), in
the form of a dispersion of MoS3 in a solvent with binders
(as a paste with mineral oils, silicon 1ligquids, diethers,
and with polyalkylene glycols), and also an additive to mi-
neral oils and consistent lubricants,

The preliminary, careful cleaning of the surface with
solvents is a necessary condition for the application of the
lubricant, MoSjz,.

Another important factor for the safeguarding of the ef-
ficiency of MoS, 18 its particle size, which has to be of the
same order of magnitude as the degree of unevenness of the
metallic surface. The size of the particles must not exceed
even the smallest unevenness and cavity in the surface,

Abroad, powders are on the market with different particle
slze; for instance, MOLYKOTE Z has size 1-60 microns, MOLY-
KOTE microsize 1-7 microns.

The basic areas for application of molybdenum disulfide
are the parts of friction, where usual oils and lubricants
cannot work because of high temperatures and pressures or
of any kind of unusual environments, for example:

1) wherse high specific pressures, considerable friction,
wear and seizure occur,

2) at extreme temperatures (high and low).

3) under conditions of aggressive or unusual media
(rubbing parts immersed into hot or cold liquids).

4) under conditions, where mating puarts, made of identi-
cal or similar materials (stainless steel with stain-
less, brass with brass, etc.) slide on one another.

5) at points with reciprocating motion and under con-
ditions of small, relutive motion of the muting sur-
faces (in this case MoS, inhibits fretting corrosion),

6) high friction, when starting a mechanism,

l. This work was done in VNINA by Oparinyea, Y, M, and
Senturikhinaya, L, N,
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7) application on rubber or in plastics, mating with

metal,
8) for the improvement of the conditions of assembly and

disassembly.

3. The Application of Films and the Manufacture of Pastes

For the applications of the films of molybdenum disulfide,
we can use the MoSp powder directly when, according to the
conditions of the application, it is possible to apply it on
a part (the formation of a film under pressure). We can also
form a film of MoS, by applying it on the metal as a suspen-
sion of the powder MoS, and solvent in the presence of a

binder,

In this article both methods have been used., Together
with MOLYKOTE Z Chinese molybdenite was applied, It should
be noted that the Chinese molybdenite was filtered through
a sieve of 270 mesh, which guaranteed the absence of particleg
larger than 60 microns., The resin which is the binding agent
in the dry films of MoS2, has to form & kind of a structure,
in the fibers of which particles of molybdenum disulfide are
located (if the hardening of the resins is not carried out
under pressure); it contains a great number of pores and
therefore consists of a great number of fine fibers, In this
way, the structure of the binding agent as well as the un-
evenness of the surface, if they are in agreement with the
dimensions of MoS2, prevents their removal by the rubbing
surface, The thermoreactive resins resulting from the re-
action of poly condensation possess a porous 8tructure after
hardening; these resins were thus used as a binding agent,
Moreover, polymerized resins were used.

Before the application of the films the metallic surfaces
were thoroughly cleaned with alcohol and benzene until they
had been completely drained, they were dried and heated to
4LO0° - 60°, The prepared suspension of 80% MoSp and 20%
resin in a solvent was applied in a thin layer with a small
brush onto the surfaces, which were tested. After vaporizing
the main part of the solvent, the parts were kept in a drying
cabinet at a temperature of 1200-250°C for the duration of
2-3 hours depending on the resin used.

The preparation of the pastes was carried out in a homo-
genizer, which allows the compounding of MoS2 to the optimum
concentration (40%-50%). In preparing the pastes it was
noted, that they form layers when standing. Therefore the
question about the choice of the stabilizer arose,

The use of a stabilizer in the production of lubricants
on the basis of MoS; is necessary for the prevention of an
accumulation of dispersed particles of MoS, in the process
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of pulverization end after the pulverization, and also for the
stabilization of MoS, in a dispersion (mineral oil, silica
liguids, and others). In doing so, the stubilizer by itself
(or in a lubricant) must be stable in temperatures of up to
400° and must not show any corrosive influence on the materi-
els of the parts, which were exposed tc the Jubricant., For
the manufacture of the pastes, oleic acid and Resin K-43 were
used as stabilizers,

4be METHODS OF TESTING. The lubricating properties of mo-
lybdenum disulfide were examined on a few testing machines, on
which characteristics were observed, such as the coefficient
of friction, the durability of the lubricating film, anticor-
rosive properties, and the stability against wear at a high
temperature,

The tests were intended to examine the properties of the
lubricant under specific pressures of 3000-8600 kg/cm? and
under elevated temperatures of up to 250°0C, Corresponding to
different types of use of MoSp in industry, tests were con-
ducted with the powder type and the paste type, and of films
of MoS2 with a binding agent, which was temporarily applied to
surfaces of friction.

For comparison, colloidal graphite was tested (in different
types), which (as is shown above) has some properties resemb-
ing molybdenum disulfide and is also used as a lubricating

1
katerial.

a) Method of Testing on the "Mi" .uachine. On the i Ma-
chine (of the Amsler type), the tests were carried out on
samples in the form of rollers § 4O wm, b=10mm, oscillating
friction with 10% sliding (see diagram of the test, Fig. 1).
As the basic characteristic in the given
tests, served the diagrams of the moment
of friction, obtained by a recording de-
vice on the machine was used. The pre-
sence of a film of MoS,; on the surfaces
of the rollers during the test was de-
termined by the amount of friction. When
friction was notably increased (about to
a corresponding friction coefficient of
0.3), the test was regarded as finished.
The indicated magnitude £=0,3 corresponds
to a friction coefficient of clean un-
lubricated surfaces of rollers (under
oth er equal conditions of the test).

Usually, on the Mi Machine in the tests
Fig, 1, Diagram of the samples with the lubricant con-
of the tests of stantly supplied, the friction coefficient
samples on the and wear (weighing) were also determined,
Mi Machine,
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However, in the case of the tests with molybdenum disulfide it
was impossible to figure out the wear, because the character-
1stic feature of this lubricant is the formation of a solid
film of MoS2 on the surface of the metal and, unless this film
1s destroyed, losses of weight do not occur. The rollers for
all tests were made of steel 45, hardened to hardness Ro=48-50
(except the phosphocted ones) with a cleanliness of the sur-
face in the 7th class (except special tests to determine the
influence of the degree of roughness of the surface).

In the tests, with the surfeaces temporarily covered with
films of MoS2 with a binding agent, the rollers were tested
under a given load, A roller coated with a film was working
together with a clean roller. The method of testing the
pastes was more complicated, In using the paste, it is usual-
ly applied onto the surface in sufficient quantity, being used
gradually, renewing the film of M082 on the rubbing surface of
the metal. When a large quantity of the lubricant is used
(this also refers to the powders), the durability of the film
cannot be shown, and the following method of tests was accept-
ed. The work surface of the rollers was thoroughly cleaned by
gradual washing in benzene and alcohol (to permit firm bonding
of the MoS2 molecule with the metal). During the first 30 mi-
nutes, the rollers were working under a pressure of 3260
kg/cmé (according to Hertz). The lower roller in rotation
caught the lubricant from the basin and on the friction sur-
face a film of MoS, was formed. After that, the basin was re-
froved, the tracks of the rollers were rubbed dry in order to

eliminate excessive absorption during the test and they were
put to the test, ----- The tests on the Mi Machine were carrie

out at room temperature.

b) Method of Testing on a Machine with },_,'
4 Rollers. The machine with 4 rollers serves  °* .»x°

s

for determining antiwear properties of the ma— g N 7
terials and lubricants, ---- The principle of P uf,.'g
the device is as follows., The rotating coni- 2 . Z
cal specimen under load adapts itself to 3 2 warrin

specimens, placed at an angle of 120° (see s
Fig. 2) in a reservoir filled with the lu-
bricant, ---- The conical specimen is in

contact with cylindrical specimens at 3 Fig, 2, Dia-
points. The load is applied in increments; gram of the
tests on the

after every test the diameter of the wear

scar on the cylindrical specimen is measured machine with 4
with a magnifying glass. At every stage of rollers,

the load the test is carried out on new sur-
faces (the conical specimen is changed). ---—- According to the
obtained data diagrams on the dependence of the amount of wear
from the load are formulated. As a characteristic of the anti4
wear properties, the load at which seizure occurs was used,

1) The machime was constructed by P, F. Verdzyax. I Y, &
- Y. Popov, S. V., Markin, vek, I. Y, Alshitz,
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i.e., the formation of a large wear scar. ---- The conditions
of the test: +the upper coniocal steel specimen (45), hardened;
rollers - steel 45, § 12 mm; number of revolutions of the co-
nical specimen -~ 360 rotations per minute,

c) Method of Testing on th

PV Mechine. Tye py machine is in
tended for tests of specimens on
wear under intermittent movement
under high temperature. ~-— The
specimens with friction surface
c¢ylinder type are pressed down

Fig. 3, Diagram of the and sliding over a round, polish-
specimens on machine PV, ed rod of steel R 9 with a hard-

ness R¢=56+-58, bolted in a sta-
tionary position, Two samples (see Fig. 3) are working simul-
taneously., An increase in temperature on the surface of fric-
tion is accomplished by electrical heating of the rod; the
temperature is controlled by a thermocouple. The specimens
and the rod are washed with benzene and alcohol, weighed on
analytical scales, lubricated with the lubricant to be tested,
and tested for an hour., The test is repeated 3 - 4 times. In
addition to the loss of weight, linear wear and tear stops., --
Conditions of test: the material of specimens: steel 45;
cleanliness of the surface: 5th class; specific load: 300
kg/cm2; average speed: 5 m/minute; number of movements per
%inute: 60; temperature: 350°C,

5« RESULTS OF TESTS.
a) Tests on the Mi Machine. On the Mi Machine, i.e.,

under conditions of oscillating friction with 10% sliding,
tests were carried out for the selection of a binding agent,
for the determination of the influence of the cleanliness of
the surface (on the specimens, coated with a film of the best
binding agent), and of the influence of the temporary coating
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(phosphated before the application of the f£ilm) on the pro-
perties of the films, ~---- Powders and pastes were tested.

The results on the tests of the films, manufactured on the
basis of Chinese MoS, with particle size of 1-60 microns and
a concentration of 80% plus Molykote Z with different binding
agents, are represented in Fig, 4 and in Charts 1 & 2, The
tests were carried out under a load according to Hertz, equal
to 3260 kg/cm<, The rollers were made of steel 45, hardened
to hardness of R.=/48 $-52; cleanliness of the rollers: 7th

class,

Chart 1

Results of Tests on the Mi Machine; Rollers coated with films
of Chinese MoS-,,

Binding Agents fiverage to} Time to increase Average
increase of friction time
coefficient
Urea-~-formaldehyde 0.14 3 hours
resin O.11 2 hours 15 min, 2 hrs.25 m,
Oe11 2 hours
Melamine formalde- 0,13 4 hours
hyde resin 0.11 4 hours
0,07 4 hours
0014 3 hours 3 hrs.20 m,
0.14 3 hours
0.11 k 3 hours
0.09 3 hours 45 min,
04,10 2 hours 30 min,
Epoxy resin - ace- 0,11 3 hours
tone 0.15 4 hours 3 hrs.20 m,
014 3 hours
Alcohol ether K115~ 0,15 4 hours
01 0.10 4 hours 15 ain, 4 hrs.25 n,
0.1/ 5 hours
Epoxy resin 7% 0.15 1 hour 30 min,
0,18 3 hours 2 hrs,40 m,
0,10 3 hours 30 min,
Polyether of Phthalic| 0.04
acid + of diethelenq 0.11 3 hours 30 min,
glyecol 0.07 2 hours 30 min, 2 hrs.40 m,
0,13 2 hours
Castor glyphthal dry-
ing, FK-,i2v 30 minutes

The films on the basis of Chinese oS, had an average fric-
tion coefficient, approximately equal for all binding agents

— Declassified in Part - Sanitized Copy Approved for Release 2011/12/09 : CIA-RDP80T00246A015400640001-0 e



' 01-0
: - 80T00246A0154006400
in Part - Sanitized Copy Approved for Release 2011/12/09 : CIA-RDP
Declassified in Part -

-9~
th a fluctuation in the limits of 0,09 to 0.18, According
0 the durability Of the film 8lightly better Tesults were ob-
@ined when alecohol ether K-115-01 Was applied ag g binding
gent,

The films, manufactured op the basis of Molykote 2 with the
same binding agent, gave a smaller friction coefficient for 4
resins; on the average 0,07-0,09 (melamineg and urea formalde-
hyde, epoxy S-40 ang polyvinyl butyral); 74 fop epoxy; and forp

Chart 2
@sults of Tests on the Mi Machine
Rollers coateq with films of NoS,-MoTykote Z,
Binding Agents Average Time %o increase Average
: to of friction time
increag coefficient
Melamine formal- 0,08 2 hrs,
dehyde regip 0.14 2 hrs. 30 min, 3 hrs,
0,08 5 hrs, 45 min,
0,07 5 hrs,
Urea formalde- 0.08 4 hrs,
hyde resin 0.04 5> hrs. 45 min,
0,08 4 hrs, 5 hrs,.35 mip,
0,05 5 hrs,
0,08 9 hrs,
Epoxy resin 0.07 8 hrs, 30 min,
S-40 wyp/323 0.07 9 hrs.
0.07 12 hrs, 30 min, 9 hrs, 45 min,
0,09 9 hrs,
Epoxy resin Poly- 0,07 7 hrs,
vinyl butyral 0,08 9 hra, 5 hrs,
0407 1hr, 30 min, 20 min,
Epoxy resin 74 0,06 10 hrs,
0,11 3 hrs, 30 min, 6 hrs,
0412 6 hrs, 30 min, 40 min,
Alcohol ether 17 nrs. 30 min,
j j 23 hrs, 30 min, 17 hrs,
11 hrs, ] 20 min,
@lcohol ether, Coefficients of friction from 0.09-0.16 were
obtaineq,
However, @ccording to the duration of the test film, alco-

Tosts of £11n, from a cleap binding agent (for control)
showed that Such films 4o 2ot possess lubricatins Properties;

01-0
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the friction coefficient at once begins to increasse.

In comparing, as a whole, the results of the tests on the
films with a basis of Molykote Z and Chinese MoS,, we can see
that according to the friction coefficient and according to
the 1life the films on the basis of 2 gave better results,

The results, obtained according to the determination of the
influence of cleanliness of the surface, are listed on Chart 3
and in Fig, 5, The rollers were trcated according to 3 dif-
ferent classes of cleanliness of the surface und couted with
films of Molykote Z and alcohol ether,

The best result was obtained for the surface with a clean-
liness of the 5th class, i.e,, for the surface with u kigh
desree of roughness (in the shown limits), when they were
conted with films Of MoS2 with the size of the particles from
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Figz., 5. The influence of cleunliness on the treat-
sent of friction surface and particle size of loS;
on the life of the film (R=3260 kg/cm?),

1-69 microns,

The dat=2 on tests of specimens with surfaces, treated uc-
cording to the 11lth class of cleanliness, coated with films of
MoSp of 2 kinds of particle sizes: lelykote Z (1-60 microns)
and dicrogize (1-7 microns), listed on the sume Chart 3 and
Fig, 5. It can be seen fron these data thut, in cuse of
great cleuanliness in treatnent, a smaller size of particles

3
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of the powder decreases the friction coefficient, but does not
show any influence on the life of the film.
A
Chart 3
Results of Tests on the Mi Machine \
Rollers with a different degree of cleanliness of the surfaces
Cleanliness of the| Average Time to increase Average
surface to of friction time
increase] coefficient
5th class 0.03 11 hrs., 30 min,
0.03 21 hrs. 30 min,
0.03 20 hrs, 18 hrs.45 m,
0,04 22 hrs,
7th class 0,09 12 hrs,
0.13 11 hrs, 1l hrs.20 m,
016 11 hrs,
11th class 0,09 10 hrs,
0,09 13 hrs., 30 min, 12 hrs.10 m,
0,23 13 bhrs.
11th eclass of 0,06 10 hrs. 45 min.
cleanliness of 0,08 11 hrs, 20 min, 11l hbrs, o .
surface, film- 0,05 11 hrs.
alcohol ether
tMicrosize (par-
ticle s8ize of
1-7 microns),

The prelimimary phosphating (Fig., 6) increased the life of th
film only slightly. The tests with the different pastes, ma-
nufactured on the basis of MoS83, of colloidal graphite MS, an
the lubricant Cyatim 221 (Chart 4 and Fig, 7), under a load o
3260 kg/om? revealed the largest life of the film, which is
formed by a paste, Molykote G (after rolling under pressure).
---- This film was funetioning for the duration of 14-20 hours
The other films, formed by other pastes, were functioning
within 1imits of 30 minutes to Le5 hours,

The friction coefficients were of the same order (0,07-0.01))
as in the case of dry films (except paste Vniinp #1). In thi
way, under a load of 3260 kg/cn2. even lubricants which do no
contain MoSy gave a filp which was functioning for some time.
-~--- Under a load equaling 8,600 kg/clz, the friction coeffi-
cient for all pastes decreased {equal to 0,05-0,09). From
Fige 8, it can be seen that on metallic surfaces the ludbricant
Cyatim did not leave a film capable of functioning under pres-
sure of 8,600 kg/cm?. The film of colloidal graphite MS was
working for 8-10 minutes, The addition of 102 MoS2 to the
lubricent Oyatim increased the durability of the lubricaant to

L4

VI:‘ ‘:%m A :v? .i{“x\: : h : L8 ),‘5;'_5‘ : chi Co D e T LA lsi.,». [ g g N T
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20-40 minutes. Molykotes M-77 and G were functioning for up
to 2 hours; but pastes Vniinp #4 and #8 even more (up to 4
hours).

The tests carried on with the films, formed on the surfaces
of friction, in working with the powders of idoSy, «+ graphite con
firmed the data of foreign research personnel about the advan-
tages of MoS, over graphite under conditions of average and
high pressures (see Chart 5 and Fig. 9). When the pressure
equualed 3260 kg/cm2, the graphite lubricant functioned better

than MoSy, as far as the friction
hd h

coefficient and as far as the life

of the functioning of the film was g

concerned: f of graphite -~ 0,C6; | ]
f of molybdenum disulfide 0.14; 3
the average life of the graphite l
film » 20 hrs., on the film z - 6

hrs,

However, under high pressure,
equaling 8600 kg/cm<, one gets the
opposite picture., The friction co- Eige 6. The influence
officient in the case of lubricant of preliminary phospha-
Z is reduced to 0,04, the film is tization on the durubi-
kept for the duration of 3~/ hours; }}ty of thg film (P=
when lubricating with graphite the 5260 kg/cm<),
film does not even last for a few
minutes und the friction coefficient rises from U.12 to Oe37

~- 1 - Time 6 Lours.

- The paste Yniinp #1 (with 30%
silicone liguid 74).

- Colloidal graphite MS,

Paste of Molykote M-77,

- Puste Molykote G,

~ Lubricant Cyatim,

0]

[OAN N, JF S R WV
i

Fig, 7, The life of the films
formed with different pastes
(P=3260 kg/cm<),
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esults of Tests on the i Machine, if lubricating with
pastes (method of tests: 30 minutes; the rollers are lubri-
¢atud by the puste under P=2260 kg/cm<; after that they are
functioning on the formed film until the increuase of the
friction coefficient,).
P after ! Time ti1l the in-
work withj | crease of the fric-
Lubricant paste in | f Avecruge | tion coefficient
“g/em? |
Paste Vniinp ;1 0.16 1 hr, 30 min,
(70% MoSp~Chinese, 0.12 < hrs,
narticle size 1-60 5260 0.00 1 hr. 30 min,
microns, 30% of si- 0e153 ' 20 min.
licone liquid j4). o
" 1 hr. 20 min,
Colloiual gra- ___ 3260 E 50 min,
vhite MS (in o0il) P 10 min,
600 . 15 min,
0.10 ! > hrs, 45 min,
Paste Molykote 560 0607=0, < < NTS,
M=77 15 min,
8600 0,05 <20 min,
< hrs.
5260 0,03 14 hrs.
<0 hrs,
Puste dolykote 30 min,
5600 0.10 15 min,
0.06 1 hr,
14 hrs, 45 min,
5260 0,035 1l hr,
Lubricant Cyatim 04,035 50 min,
# 221 85600 2 min, .
5 min, R
Paste: 40% MoSo- 0.06 2 hrs,
Chinese; particle 8600 0407 50 min,
size 1-60 microns 0,07 3 hrs.
and indigo residue
of polymethyl-phe- it
nyl siloxane li- /
quid f4. .
Paste: 40% MoS2- 0.08 5 hrs.
Chinese; varticle 8600 0,09 1 hr., 30 min.
size 1-60 microns
DMFS (#8)
0,03 20 min,
Lubricant Cyatim 8600 0.05 40 min,
" MoS,
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The Chinese loSp powder forms a film, the 1life of which ic
approximately half &as mauch as in the cuse of Molykote 4,

The better nerformdnce of the powder < wnd of the dry
filmc on the basis of 2, in com-arison with the Chinese uicS,,

%l
!;5 & s 1 f
il & i oy f 1!
}:_1 1 !}%
:l { ]
[

B)fofAbd by

ite of the filme
G s (P:?éOO e/ eme

ey bP exnluined by the absence of a stubili-er in the Ciri-
xsso B0S; ¢.od also by the cifferent, froctionary structures
(.noSQ narticice in the howder, manufucturcde from CLincse uo-
Trbdenite) . The frieticn surfaces, wicn the lubricents were
uced, whic: countained 5of o «nd graphite, hue o dull, smocth
surfece., ——--—

b) Leste on sichine with re )
A uOl?(,;r" On the mncrine d ‘
vith / Tolleic vactes G, A-77, " ‘
colleical  yanhiite, wna 20li- :
(el were tecitoc,  Tle rocultco "
¢f the tost: tr¢ wevreccnted A
on Filg. 10. The importec_naste ol (o '
G, manuf: ctured on the bucis OF »
nelyvbdenum cisulfice, «n:i collo- : o : Slansll
bdal srarhite KO chower L oy ol s 5
results Woen thoe oo \-..'u:;di?‘l— i§'7 ! '
crecced to 00 D, tho Lour v :
ST Lo T L 0T e G, vut o selo. E’ N ' i
T\?f eic o nel ccecure Yo oworn ’ } - ! L
srrice o0 ooty woh. Lt H
Thcertlion ot oo i L s ‘ ‘ 1 :
eUte T, sniel o vaually Loooha s 3 '
Terved oo ocwne 0f rehuiis . ; ¢ i ’ I ’
! HIE ‘ ,
' .
. Bn

tcte =77
Fig, 9. The life of the
films, which were formed by
various lubricunts in pustb
forn,
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bricateg
work on the film,
fricticon ctcefficient o

ts on the Mi
with powders (methoq of testing:
with a powder
which

The results of the tes
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“uchine when lubricutig
30 minuteg; roliers are lu-
under P=%.60 kg/cm<, cfter which they
has formegd until an increase ol the
ceurs), anu $01licol shio..ec <oproximutely

"“ [ P aFter T Time ti1]l the 1n
Lubricunt { werk with f Average crease of the fric-
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In Chart é wnd on the viagram (Fig. 11), dote wie listeg
tceoraing to weight wnd linear Wedr, weceer.ing tec ewch tecst
(during 1 hour), and the uverage wear-out of 8-16 testeo,
The results obtaincd are nointing out en insignificeant dif-
ference in tho wear cf the specimers when lubricuting with
3 pastes under test.

Solidel, tested for com,arison, gave ouly a somewhat nigh-
cr rate of wear, ———e liowever, the procese of wear aroceede
in different ways: when lubricuting with colloidsa sroechite
W-0, ¢nd esvecially with solidol, the camples were & _uecling

— T e
~nm~ }y <y<r~r*~II{tq
50) -4 44 o
T
oF +- - —_
* »—L% t}; 1
20 bet o+ -
TI> 4‘»11L11 — £
2.0 i ;‘-;r‘ :Y.f 't = '1
2 R 'x-;L#;r;" it
: .?T+-? 4 e tf aRa% - - -
.‘; "2 _:ﬁ‘__Mﬂ- - _‘lf!“rn f }i»
- R SN .- +d tey pors — -
R 3 . chrrrirgdd g ¢
> ds : . . ;; - I
g N Pt 14.4",11 H {_I - -
a8f oy i tesederage g
: P S S S ~ s 4 boeo.o b s 44 tds ¢ . H
as 4 '+ ' [ .9 _'?"~ f} n&»—«f»- ! ! . .
G4f ¢+ 1 e 1 tpr b -,}444 Tt .
R IR AR e a R ey caiv o
3 PR . -4 : 4 RS RES S L —f -
% i I:l'_ ! } L i
S 67090121416 20 253055 o9 6070 M w1 oy
Fig, 10, Disgram of the louad carrying
capacity of different lubricants: 1 - suaste
M-77; 2 - solidol; > = paste G; L - gravhite,

When rubbing occurred and both surfaces (cf the specimen and
of the rod) were split; when lubricant M-77 was uced, the
surfaces had a smaller scur, bul separate specimens were
scuealing, while the lubricant VNIINP #4 gave u smootlL sur-
face on specimens and a surface not in the leust dunaged zs
far as the mating body wus concerned (rod) ana there was no
noise during operation, ---- The tests which were carried out
revealed that the "single" lubricant, applied to the friction
surface not under bressure, nearly never prevents wear of the
surfaces. Repeated lubrication for the first minutes of o-
peration should be tested or, when pocsible, the applicution
of the paste under pressure (preliminury run-in),

(1) The work was carried out by Dr. of Chemical Sciences,
A.V.,Ryabchenkov, and candidate of technical sciences, O,.N,
Muravki, - GCerrosion Section TSNIITNASH.
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Chart 6 ’
Resulte of Tests with Lubricants on the PV Machine :

T - Weight Linear \
Lubricant # of sample| # of test wear wear \ /
in g in mn N ? :
1 0.0953 0e23 ) | /
Colloidal gra- 7 2 0,1127 0e22 ‘ g
phite (agqueous) 8 1 0.1453 0.18
W-0 2 0.1307 0,26
5 1 0.1900 0.42
2 0,1161 0422
14 1 0.,1871 0e34
A V E R A G E 01396 0,267
9 1 0.0932 0.18
2 001436 0.30
3 0.1289 0.30
4 001415 0,31
10 1 0.0826 0424
2 0.0830 0.10
3 0.1049 0,31
Paste Molykote L 0,1294 0,28
M-77 11 1 0.1838 0.47
2 0.1224 0.22
3 041923 0.45
A 0,1869 0,32
15 1 0,0932 0428
2 0.,0832 0.13
3 0.1315 0.34
4 01297 0e25
A~ V E R A G _E 041269 0,28 "
12 1 0.1156 0.26 PR
2 0.1058 0.23 Lo
3 0.1439 0.30 J \
4 0.1096 0425 { o
Paste VNIINP 13 1 0.1108 0429 AN
#4 2 0.0999 0.28 = \
3 0.2036 0.42 )
4 040759 0e21 .
0 1 0,1728 0.40
2 0.1260 0.27
3 061905 (U PYAA
A

0,0867 0,19
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Continuation

Weight Linear
Lubricant # of cample| 7 of test wear wear
. N . in g in mm
10 1 Uellle Vel 3
2 0.1198 | 0.205
Paste VNIINP 3 Celd4Tl 0.555
iid ‘ 4 00792 Qexs -
L LV E R .4 G _E - 0.1287 1 Uen9Y
7 T '{0.141A Uei0
R < Qel7 el ORIV A
folidol 5 1 P 0a1594 | v.ns
14 ! Loer731 | o G
e e .V L R A G I velllu f o velil
1 - Wear -
2 = Colloidul gruwhite
/‘/\10
: , - Puste dolyxote -77
'y .. = Paste Viilur 4
% . 5 - Solidol
3 |
‘ i
| i |
— ﬂi 11. Wear of the samsles on the

PV Machine (tested at 350°C).

d) Determining the Effectiveness of iolybdenum Disulfide
as a Protective Means for Fretting-Corrosion. The work was
carried out with the aim of finding protection against fret-
ting-corrosion.

The phosphated and non-phosphated surfaces were tested.
The marks of friction had the form of a ring.

Without the lubricant, the phosphated films were destroyed
in the first minutes. The testing of such films, coated with
paste of type G, was carried out under pressures of 250 kg/cm2
amplitude of 0,52, mm and of a frequency of 112 cycles per mi-
nute, The films without destruction endured about 500,000
cycles, Under a pressure of 500 kg/em2, with an amplitude of
0.8 mm and a frequency of 1l1Z cycles per minute, the films
were not destroyed in the course of 124,000 cycles. With the
same number of cycles, and under the same conditions, the un-
protected specimens were severely damaged, --~-= Tests of thin
polyamide films ( < 0.2 mm) were carried out, which had been
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applicd by spraying. These films were lubricated by paste G.
———— The films encdured a pressure of 250 kg/cm<, with an amp-
litude of 0.524 mm and a freguency of 1lz cycles per minute
for the course of 1,764,000 cycles. wvestruction of the films,
even after such prolonged tests, did not occur. The tests
were stopped in order to save time., —~--

This way, the application of molybcenun disulfide can,
evidently, in these cases give positive and favorable results;
the best effectiveness is obtained when using polyamide and

molybdenum disulfide together.

6. TESTS ON SEMI-ILDUSTRIAL ESTABLISEMENTS.

a) The Application of Molybdenum Lisulfide wuen
finned tubes are rolled cold., Reseurch on the effectiveness
0f molybdenum disulfide in cold rolling of finned tubes made
of eluminum stock, .@#27 mm, ---- The temperature in the pro-
cess of rolling rose to 140° and higher.

The cffectiveness of the lubricant being employed is de-
termined by the obteined maximum diameter of the tube being
rolled. The increase of deformation occurred on account of
reduction of friction and better conditions of flowing metal
into the crack., ---- In dry operation, ond when lubricunt was
applied in form of machine o0il MS, the diameter of the tube
was not more than 34-35 mm, ---- When using ample lubricant
in the form of colloidal graphite S (the lubricant was ap-
plied to axle-shafts), the diameter was 42 mm. —----= The very
seme diameter was obtained after a single application onto
the instrument of a thin layer of paste G. The film was last-
ing on almost dry surfaces for the duration of several hours

of operation. ----

b) Tests of MoSp in "Variators"., The action of MoS2 in

the removal of hLarmful influence of fretting corrosion in
"yeriators® was checked. Fretting corrosion represented one

of the main causes of low efficiency of previous designs of
"toroid spherical variators".

This corrocion led to the full loss of mobility of junc-
tions in the "knots" of the "variators", where the loss of

mobility is undesirable.

Lubrication was made with consistent grease 1l-13. When
using such lubricant for a few hundred hours of operation,
the lubricant between parts dried up, surfaces showed corro-
sion, and it was possible to take off the glass only with the

1) Research was done by engineer F. P, Kirplchnikov.
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aid of strong blows of 4 hammer, -~--- For the uetermination
of the possibility of application of M052 for the prevention
of fretting corrosion in the mentioned point of "Variator
2-T-6", both surfaces were rubbed with powder of molybdenum
disulfide. =-~- After 840 hrs of operation of the point of
friction, on which MoSy had been applied, the mobility of
the combination was good, the glass was easily removed from
the traverse, ---- For comparison on the same point, colloid-
al graphite of the S-1 type was tested, =—~~- The nmobility of
the junction of this point, where colloidal graphite S-1 wus
employed (also after 840 hours of work), was impeded; the
glass was taken off the traverse by the pressure of & screw-
ariver. On the surfaces spots of corrosion had appeared.

c) Tests on Lubricants on the Basis of Molybdenum Ui-
sulfide in Stamping. The tests were carried out on a la-
boratory press with an amplificetion of 25 m. On the stamp-
ing machine, heated to 4000, a disc ¢ of 60 mm, / mm in
height, was coated with a film of molybdenum disulfide, on
the basis of Chinese MoS2. On the disc, a sample of dur-
aluminum AK-6, heatcd to 4200, was placed covered by the
second disc with the same film of MoSy, which had been ap-
plied to it, After thut, the semple was deformed by the
maximum effort of the press. ---- we cun judge the effect-
iveness of the lubricant by the size of the wear of the spe-
cimens when they get deformed., According to the mesasure of
the increase in the quantity of the deformed samples on «
given disc, the degree of their deformation was decreused.
--~-- The results of the tests showed that the film of mo-
lybdenum disulfide possesses a sufficiently high lubricating
ability, close to the lubricating ability of lubricuant vapor
~ graphite, which is presently employed in the industry for
forming of aluminum alloys. ---- However, the stability of
the lubricant turned out to be insufficient, since during a
second prescing together with a new specimen between the
same discs the effect of the lubricant was strongly reduced
(the relative reduction decreased in one case from 43 to 15%,
in another one from 42 to 13%). ---- The obtained results
showed the short duration of the effect of the application
of the film of Chinese MoS2 under conditions of hot punching.
~=--— Outside the films of MoS2, Molykote of the type G(paste)
was tested, ---- A good lubricating ability of the paste be-
came apparent by only a single deformation of the specimen.

1) The tests were carried out with a laboratory forge-press
of Ts NI I T M A SH. The work was under the direction of
candidate of technical sciences, E.R. Shor and candidate of
technical sciences, I,Y., Alshitz,
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CONCLUSIONS

1) The testing in normal temperature of lubricants on the

basis of M0S,; revealed their ability to form solid films
on the surface of metal; films which endure a pressure of
8600 kg/cm? for a feyw hours.

2) The films of the lubricants not containing MoS, (graphite
ISI AT IN 22 Solidol), do mnot endure such pressures.

— tem am om

3) In the case of loads from 3000 to 8600 kg/cm?, the durabi-
lity of the films (correspondingly):
a) of the ones formeq by powders of MoSy did not exceed
4=7 hours;
b) of the ones formed by pastes - not less than 3-20 hours
c) of the ones employed with binding agents - from 4=17
hours,

4) The powder made from Chinese mol bdenum gave worse indexes
than Molykote G, apparently because of the absence of a
stabilizer (we did not succeed in selecting an eflective sta-

bilizer for the dry powder).

5) The powder of colloidal graphite in nressures of up to
3000 kg/cm? gives bettoer indexes than Molykote G,

6) The pastes of Molykote do not show advantages over pastes
made by Y NI I N P on the basis of Chinese MoSy,,

7) The use of the films under stress (preliminary rolling)
gave a favorable result; the use of MoS, rubbed in by hand
was negative,
8) The roughness of the surface, obtained both by mechznical
treatment angd artificially (by bhosphiating), favorable af-
fected the work of the applied films when there was a corres-
ponding size of oS2 particles, Specifically, with the dis-
persion of Molykote Z (1-60 am), better results are obtained
on surfaces of the 5th class.

9) The paste Molykote G and colloidal graphite M~C havye good
anti-abrasive bpropertises in conditiong of relatively high

10) The tests of the pastes in high temperatures (3500) on
the laboratory machine and under industrial conditions,
showed that the application of pastes is effective only at the
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@pplication in different fields of mechanical éngineering, in
the first place in areas of friction, functioning under con-

ditions of an incomplete lubricating film,
13) The research carried out with T S N I ITWd S H to ana-

lyze molybdenum disulfide as a lubricating material dig
not give the effect anticinated fron literature datal, It is
possible that such Tresults were obtained owing to the fact

that MoS, is not sufficiently known by us in detail,

Such qQuestions, which hag not been dealt with, remained;
S8uch as, the choice of the stabilizer for the 408y powder; th
follow—up on the presence of the M082 film on metals Wwith phy-
sical-chemécal methods; the tests in case orf loads higher than
8600 kg/cm=<; the effect from additions of MoSp in mineral 0il;
anti-wear nroperties ang others,

Therefore, one should examine thisg data as first insight
into this material, and the conclusions may not be considered
final,

One should indicate that oSy in the USSR is 4 considerably
nere scarce product than graphite and, if the complicution
and expensiveness Of its manufacture are taken into account,
taen one can make the preliaminary conclusion about the ade-
Visability or using MoSp only in points where swuecific BF o
blems of Operation exist,

l)Alshitz, I.Y. The Use of Molybdenum Disulfide as a Ly-
bricant (Survey of Foreign Literature), Journal of Me-
chanical Engineering #8, 1956,
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